The prevention of preterm deliveries is still a major challenge in obstetrics in many countries. Infection is well established as one mechanism that can cause preterm deliveries. It is thought that most of the cases of intrauterine infection responsible for preterm deliveries are the result of an ascending infection. Bacterial vaginosis, which possibly triggers this ascending infection, is an imbalance of vaginal flora caused by a reduction of normally present Lactobacilli and a heavy overgrowth of mixed anaerobic bacteria. Many randomized trials have been conducted to test the hypothesis that the screening and treatment of bacterial vaginosis in pregnancy will reduce the rate of preterm deliveries, but the results have been largely negative[@b1].

The latest Cochrane review of the antibiotics used to treat asymptomatic abnormal vaginal flora in pregnancy documented no benefit of screening and treating all pregnant women for asymptomatic abnormal vaginal flora to prevent preterm delivery[@b1]. However, this review analyzed heterogeneous trials which differ regarding the diagnosis of abnormal vaginal flora, the timing of the treatment, and the choice of antibiotics. Lamont et al. recently analyzed some homogenous studies in which oral clindamycin was used to treat pregnant women with asymptomatic abnormal vaginal flora before 22 weeks of gestation, and the authors reported positive results[@b2]. However, the efficacy of screening and treatment for abnormal vaginal flora on the reduction of preterm deliveries remains controversial.

In addition, in most of the trials, the subjects were pregnant women with asymptomatic abnormal vaginal flora, and pregnant women with normal vaginal flora were excluded from the study. If the subjects of a study are only pregnant women with asymptomatic vaginal flora, the effects of the screening and treatment on the rate of preterm delivery should be considered to be limited to only pregnant women with asymptomatic abnormal vaginal flora during the gestational weeks that served as the screening period. It is possible that some pregnant women who show normal vaginal flora during the screening period and then later have a preterm delivery experienced a shift of vaginal flora from normal to abnormal after the screening.

To the best of our knowledge, there are very few trials in which the pregnant subjects, regardless of their normal/abnormal vaginal flora, were divided into an intervention group and a control group, with the intervention group undergoing the screening for and the treatment of abnormal vaginal flora, and the control group not undergoing screening or treatment[@b3]. Both groups should include pregnant women without abnormal vaginal flora. We believe that by conducting such a between-group comparison, the precise effects of the screening and treatment of asymptomatic abnormal vaginal flora on the rate of preterm deliveries can be identified.

The present study was a retrospective cohort study in which we compared the rates of preterm delivery between an intervention group and a control group to investigate whether the screening and treatment of abnormal vaginal flora reduces the rate of preterm deliveries in the whole population of pregnant women. We also investigated the profiles of vaginal flora taken during the screening period and on admission from pregnant women who were admitted to our hospital with a threatened preterm delivery, and we compared these profiles with those of the controls. These comparisons led to new insights into the clinical issues regarding why the screening and treatment of abnormal vaginal flora in pregnant women have failed to reduce the rate of preterm deliveries.

Results
=======

A total of 1,975 pregnant women, 683 in service A and 1,292 in service B (see the Methods section for the details about these two services) were enrolled in the present study, and 109 pregnant women in service A and 131 pregnant women in service B were excluded as inappropriate cases for the analyses of the present study for reasons such as a history of multiple pregnancies, cervical cerclage, cervical conization, miscarriage or induced abortion before the screening period, induced preterm deliveries, and lost to follow-up ([Fig. 1](#f1){ref-type="fig"}). Therefore, a total of 1,735 pregnant women, 574 as the Intervention group and 1,161 as the Control group, were analyzed in the present study.

[Table 1](#t1){ref-type="table"} summarizes the clinical characteristics of the Intervention and Control groups. There was no significant difference in the proportion of pregnant women with risk factors related to preterm delivery between the Intervention and Control groups. In the Intervention group, the mean gestational age at the screening test for abnormal vaginal flora was 16.8 ± 1.57 weeks of gestation, and the mean gestational age when the administration of vaginal metronidazole was initiated for abnormal vaginal flora was 20.4 ± 1.80 weeks of gestation.

The profiles of vaginal flora at the screening test are summarized in [Table 2](#t2){ref-type="table"}. The frequency of normal flora was 67.4%, that of intermediate flora was 19.0%, and that of bacterial vaginosis was 13.6%.

As shown in [Table 3](#t3){ref-type="table"}, the admission rates for threatened preterm delivery in the Intervention group and Control group were 8.36% and 11.0%, respectively, and the mean gestational ages at the admission for threatened preterm delivery of the Intervention and Control groups were 28.1 ± 5.01 weeks and 30.1 ± 4.15 weeks, respectively. There was no significant difference in the admission rate or the mean gestational age at admission between these two groups ([Table 3](#t3){ref-type="table"}). The preterm delivery rates in the Intervention group and Control group were 3.48% and 4.31%, respectively, and the mean gestational ages at the preterm delivery in the Intervention and Control groups were 34.6 ± 4.15 weeks and 36.2 ± 0.72 weeks, respectively ([Table 3](#t3){ref-type="table"}). There was no significant difference in the rate or the mean gestational age at the preterm delivery between these two groups ([Table 3](#t3){ref-type="table"}).

The profiles of vaginal flora taken at the screening period from the Intervention group\'s subjects who were admitted with a threatened preterm delivery were not significantly different from those taken from the Normal standard subjects ([Table 4](#t4){ref-type="table"}). However, the profiles of vaginal flora taken on admission from the Intervention group subjects admitted with a threatened preterm delivery were significantly different from those taken from the Normal standard subjects: the proportion of the intermediate flora was significantly increased and the proportions of normal flora and bacterial vaginosis were significantly decreased compared to those of the Normal standard subjects ([Table 4](#t4){ref-type="table"}). In addition, the profiles of vaginal flora taken on admission from the Control group subjects admitted with a threatened preterm delivery were not significantly different from those taken from the Normal standard subjects ([Table 4](#t4){ref-type="table"}).

Regarding the profiles of vaginal flora taken from the pregnant women who later had a preterm delivery, those taken at the screening period from the Intervention group subjects were not significantly different from those taken from the Normal standard subjects. However, the profiles of vaginal flora taken on admission from the women with a threatened preterm delivery (from the Intervention group as well as the Control group) were significantly different from those taken from the Normal standard subjects.: the proportion of the intermediate flora was increased, and the proportions of normal flora and bacterial vaginosis were decreased compared to those of the Normal standard subjects ([Table 5](#t5){ref-type="table"}).

The screening test and the treatment of abnormal vaginal flora in the present study contributed to the reduction of the proportion of bacterial vaginosis, but they did not contribute to the reduction in the proportion of intermediate flora, or to the admission rate with a threatened preterm delivery, or to the preterm delivery rate.

Discussion
==========

The effects of screening and treatment for abnormal vaginal flora on the desired reduction of preterm deliveries remain controversial in light of the differing results obtained in past studies[@b1]. This may be due to heterogeneity of the study protocols, which differed in a number of ways among the studies. The study populations, the timing of the screening and treatment, and the antimicrobial agents used seem to have strong impacts on the study results. We suspect that if the studies that used the same methodology regarding these issues were to be analyzed together, the results would be different from those of the previous studies.

Although the results of the present study showed a shift of vaginal flora from either normal flora or bacterial vaginosis to intermediate flora in the Intervention group women admitted with a threatened preterm delivery, this shift did not contribute to the decrease in the admission rate of threatened preterm delivery or the rate of preterm delivery. Interestingly, we observed a significant increase in the proportion of intermediate flora but not bacterial vaginosis on admission in both the Intervention group and the Control group among women who later had a preterm delivery. These findings strongly suggest that preterm delivery is associated with intermediate flora rather than bacterial vaginosis.

Donders et al. also showed that only 'partial bacterial vaginosis,\' which has some overlap with intermediate flora, was significantly associated with preterm delivery[@b4]. Hay et al.[@b5] and Donders et al.[@b6] documented that intermediate flora is more dangerous regarding the risk of preterm delivery than bacterial vaginosis. McDonald et al. pointed out that pregnant women with an increased risk of preterm delivery have two types of abnormal vaginal flora, one consisting of predominantly bacterial vaginosis flora, and the other of aerobic vaginosis flora, in which aerobic microorganisms such as Klebsiella, *E. coli*, and Enterococci are present[@b7]. Cray et al. revealed that, at delivery, Klebsiella and *E. coli* were more often present in the flora of women having a preterm delivery than in the flora of women having a term delivery[@b8].

The antibiotic clindamycin has a broader spectrum than that of metronidazole. Clindamycin has an antimicrobial effect on aerobic microorganisms, and metronidazole lacks this effect. Lamont et al. demonstrated, in their meta-analysis, that the oral administration of clindamycin to pregnant women with asymptomatic vaginal flora only reduced the preterm delivery rate[@b2]. Brocklehurst et al. concluded on the basis of their meta-analysis that the administration of antimicrobial agents to general-population pregnant women had no effect on reducing the preterm delivery rate[@b1]. However, as in the present study, the authors of many previous studies chose metronidazole as the antimicrobial agent for the prevention of preterm deliveries. If clindamycin had been orally administered to the pregnant women with abnormal flora in the previous studies, the rate of preterm deliveries might have been reduced in those studies, as well as in the present study.

Another factor that may influence the reduction in the preterm delivery rate is the period during which the screening and the treatment of abnormal vaginal flora is performed. Lamont et al. demonstrated that the oral administration of clindamycin to pregnant women with asymptomatic vaginal flora within 22 weeks of gestation reduced the preterm delivery rate[@b2]. McDonald et al. suggested, in a Cochrane review, that the treatment of bacterial vaginosis before 20 weeks of gestation may be effective for the prevention of preterm delivery[@b9], and they proposed that the earlier the screening and treatment of abnormal vaginal flora is performed, the better the outcome (i.e., a reduced preterm delivery rate) will be.

Many studies compared the rate of preterm delivery between an intervention group and controls with asymptomatic abnormal vaginal flora[@b1]. In these studies, therefore, the pregnant women who had normal vaginal flora during the screening period and had abnormal vaginal flora after the screening test were consequentially excluded from the subject pool to prevent preterm deliveries. Indeed, the results of the present study showed the shift of vaginal flora from normal to intermediate flora among the cases of preterm delivery after the screening test. In addition to this shift of vaginal flora, we found that there was no significant difference in the proportion of abnormal vaginal flora taken during the screening period between the cases of preterm delivery and the Normal standard in the Intervention group. Therefore, even if clindamycin is used as an antimicrobial agent for abnormal vaginal flora, it is possible that the early second-trimester screening and treatment of abnormal vaginal flora may fail in regard to the prevention of preterm delivery.

If the subjects are limited to pregnant women with asymptomatic flora, this shift would not be observed. A future study enrolling subjects like those in the present study must be more precise to reveal any true effect of the screening and treatment of abnormal vaginal flora on the reduction of preterm delivery compared to a study limited to pregnant women with asymptomatic vaginal flora, because we observed the frequent occurrence of a shift from normal vaginal flora among preterm delivery cases at the early second trimester to intermediate flora on admission with threatened preterm delivery. If we set the screening and the treatment of abnormal vaginal flora after this shift, we may be able to identify pregnant women at risk of preterm delivery associated with abnormal vaginal flora and thus treat them effectively.

It is also necessary to assess the profiles of vaginal flora in pregnant women with a normal course change after the screening period or at the third trimester, when the profiles of vaginal flora in preterm delivery cases were evaluated on admission in the present study. If the profiles of vaginal flora in pregnant women with a normal course do not change, the shift of vaginal flora to intermediate flora may thus be specific to preterm delivery cases.

It is well known that abnormal vaginal flora is associated with poor perinatal outcomes --- in particular with an increased risk of preterm delivery[@b2][@b4][@b10][@b11][@b12][@b13][@b14]. Two studies showed an 80% reduction in the rate of late miscarriage following the treatment of bacterial vaginosis[@b15][@b16][@b17], and this result may support the earlier screening and treatment of abnormal vaginal flora to reduce the rate of preterm delivery. However, increasing evidence (including the present study\'s findings) indicates that intermediate flora is more closely associated with preterm delivery compared to bacterial vaginosis[@b5][@b6], and the new finding in the present study, i.e., the shift of vaginal flora from normal to intermediate flora among the cases of preterm delivery, suggests that the choice of antimicrobial agents and the timing of the screening and the treatment of abnormal vaginal flora in pregnant women should be reconsidered.

Although the oral administration of clindamycin seems to be the most effective treatment for pregnant women with abnormal vaginal flora in regard to reducing the rate of preterm delivery, it is still unclear whether early, mid-, or late second trimester is the optimal screening period to identify pregnant women at risk of preterm delivery associated with abnormal vaginal flora. The present results suggest that the mid- or late second trimester is the better screening period to identify these women.

In two randomized controlled trials, short courses of oral metronidazole administered at mid-second trimester did not reduce the rate of preterm delivery in women with bacterial vaginosis[@b18][@b19]. However, this may be due to the non-use of clindamycin as the antimicrobial agent. We are thus conducting a two-step screening and treatment of abnormal vaginal flora for all pregnant women at 16 weeks and 24 weeks with oral clindamycin. Large-scale studies of general-population subjects, at least, should be performed in which the screening and the treatment of abnormal vaginal flora are done at appropriate gestational ages with oral clindamycin to clarify whether the screening and treatment of abnormal flora can reduce the rate of preterm delivery for the general population.

Methods
=======

The medical records of the pregnant women who delivered at Hiroshima City Asa Hospital during the period from April 2009 to March 2012 were retrospectively collected for the present study, which was reviewed and approved by the Ethics Committee of Hiroshima City Asa Hospital, and was carried out in accordance with the approved guidelines of the Ethics Committee. Each woman\'s week of gestation was determined from the timing of the last menses and was confirmed by ultrasonography. There are two systems in our obstetrics services at Hiroshima City Asa Hospital: in one system (service A), a pregnant woman receives prenatal and perinatal care from the time of her first visit until her delivery at our hospital. In the other system (service B), until her second trimester, a pregnant woman receives prenatal care in another obstetrics setting (which offers the same obstetrical services as our hospital except for the screening test and the treatment of abnormal vaginal flora), and then from the third trimester until her delivery, she receives prenatal and perinatal care at our hospital. Every pregnant woman can freely choose either of these two services of our hospital.

Pregnant women were excluded from this study if they had any if the following: history of multiple pregnancies, cervical cerclage, cervical conization, induced preterm delivery by any complication such as pregnancy-induced hypertension, miscarriage before the screening or the treatment of abnormal vaginal flora, or having missed the screening and/or the treatment of abnormal flora at the appropriate period.

For the comparison of the pregnancy outcomes according to the differences in the screening test and the treatment of abnormal vaginal flora, we divided the pregnant women into two groups: the Intervention group, i.e., the pregnant women who participated in service A, and the Control group, i.e., the pregnant women who participated in service B.

For each woman in the Intervention group, a vaginal smear was taken in the second trimester and Gram-stained for the assessment of abnormal flora, as diagnosed by the Nugent scoring system[@b20]. The Nugent score is assessed according to the presence of large Gram-positive rods, small Gram-variable rods, and curved Gram-variable rods. Nugent scores of 0--3 were graded as normal flora, 4--6 as intermediate flora, and 7--10 as bacterial vaginosis. The investigators who examined the vaginal smears belong to a laboratory service that is independent from our hospital\'s obstetrics department, and they did not know any clinical data about the pregnant women.

Women with intermediate flora or bacterial vaginosis were treated with vaginal metronidazole (250 mg) for 7 days within 4 weeks after the screening test. For each woman in the Control group, both the assessment of vaginal flora and the treatment of abnormal flora in the second trimester were not done. Before the assessment of vaginal flora either at the screening period or on admission with threatened preterm delivery, all pregnant women participating in the present study gave written informed consent.

When a pregnant woman who was enrolled in this study was hospitalized because of a threatened preterm delivery, regardless of the groups described above, her vaginal flora were assessed in the same manner as was done by the screening test in the second trimester. If the vaginal flora was assessed as either intermediate flora or bacterial vaginosis, the administration of vaginal metronidazole (250 mg) for 7 days was initiated immediately after the diagnosis.

To determine whether the clinical backgrounds of the patients in the Intervention group and the Control group differed significantly, we used the chi-square test for comparisons of each categorical variable and the t-test for each continuous variable in the clinical background between the two groups. To assess the effect of the administration of vaginal metronidazole on the reduction in the rate of preterm delivery, we used the chi-square test to compare the admission rates of the pregnant women with threatened preterm deliveries and the preterm delivery rates between the Intervention and Control groups. The profiles taken from the pregnant women of the Intervention group with no history of either admission with a threatened preterm delivery or preterm delivery concerning the present pregnancy were used as the Normal standard. The profiles taken at the screening period and on admission from the Intervention group\'s subjects who were admitted with a threatened preterm delivery concerning the present pregnancy were compared with those of the Normal standard.

The profiles taken on admission from the Control group\'s subjects who were admitted with a threatened preterm delivery concerning the present pregnancy were also compared with those of the Normal standard. In addition, the profiles taken at the screening period and on admission with a threatened preterm delivery from the Intervention group\'s subjects who had a history of preterm delivery concerning the present pregnancy were compared with those of the Normal standard. The profiles taken on admission with a threatened preterm delivery from the Control group\'s subjects who had a history of preterm delivery concerning the present pregnancy were also compared with those of the Normal standard. A *p*-value \< 0.05 was considered significant.
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![Flow chart of pregnant women enrolled in the study.\
Of 1,975 pregnant women enrolled, the cases of 1,735 (574 in the Intervention group and 1,161 in the Control group) were analyzed. The numbers in the parentheses indicate the numbers of pregnant women whose vaginal smears were assessed on admission with a threatened preterm delivery.](srep04799-f1){#f1}

###### Clinical characteristics of the Intervention and Control groups

                                   Intervention Group (n = 574)   Control Group (n = 1,161)
  ------------------------------- ------------------------------ ---------------------------
  Parity (n)                                                                   
  Primipara                                    214                           456
  multipara                                    360                           705
  para 1                                       218                           427
  para \> 2                                    142                           278
  Maternal age (mean ± SD)                 30.5 ± 5.70                   29.8 ± 5.06
  Risk factors (n)                                                             
  preterm delivery                              19                           28
  ART                                           13                           13
  smoking                                       88                           191
  current                                       48                           110
  past                                          40                           81
  GDM                                           21                           28
  work outside during pregnancy                178                           392
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Statistical analysis: chi-square test for parity and risk factors, t-test for maternal age.

ART: assisted reproductive technology, GDM: gestational diabetes mellitus.

###### Profiles of the vaginal flora at the screening period for abnormal flora in the Intervention group

  Nugent Score                     n (%)
  ----------------------------- ------------
  0--3 (normal flora)            387 (67.4)
  4--6 (intermediate flora)      109 (19.0)
  7--10 (bacterial vaginosis)    78 (13.6)

###### Pregnancy outcomes

                                 Intervention Group   Control Group
  ----------------------------- -------------------- ---------------
  Threatened preterm delivery                                
  n (%)                              48 (8.36)         128 (11.0)
                                        n.s.         
  Mean gestational age ± SD         28.1 ± 5.01        30.1 ± 4.15
                                        n.s.         
  Preterm delivery                                           
  n (%)                              20 (3.48)          50 (4.31)
                                        n.s.         
  Mean gestational age ± SD         34.6 ± 4.15        36.2 ± 0.72
                                        n.s.         
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Statistical analysis: chi-square test. n.s.: not significant.

###### Profiles of the vaginal flora taken from pregnant women admitted with a threatened preterm delivery at the screening period for abnormal flora or on admission with threatened preterm delivery

  Nugent Score       Normal Standard[\*](#t4-fn1){ref-type="fn"}   Intervention Group[\*](#t4-fn1){ref-type="fn"} (screening period)   Intervention Group[\*\*](#t4-fn2){ref-type="fn"} (on admission)   Control Group[\*\*](#t4-fn2){ref-type="fn"} (on admission)
  ----------------- --------------------------------------------- ------------------------------------------------------------------- ----------------------------------------------------------------- ------------------------------------------------------------
  0--3 \[n (%)\]                     343 (66.3)                                                37 (77.1)                                                          11 (57.9)                                                      33 (61.1)
  4--6 \[n (%)\]                     103 (19.9)                                                5 (10.4)                                                           8 (42.1)                                                       16 (29.6)
  7--10 \[n (%)\]                     71 (13.7)                                                6 (12.5)                                                             0 (0)                                                         5 (9.3)
                                        n.s.                                                                                                                                                            
                                      P \< 0.05                                                                                                                                                         
                                        n.s.                                                                                                                                                            
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\*Profiles of vaginal flora taken during the screening for abnormal vaginal flora.

\*\*Profiles of vaginal flora taken on admission with threatened preterm delivery. The pregnant women of the Normal Standard were those of the Intervention group with no history of either admission with threatened preterm delivery or preterm delivery concerning the present pregnancy. Statistical analysis: chi-square test. n.s.: not significant.

###### Profiles of the vaginal flora taken from pregnant women with a preterm delivery either at the screening period for abnormal vaginal flora or on admission with threatened preterm delivery

  Nugent Score       Normal Standard[\*](#t5-fn1){ref-type="fn"}   Intervention Group[\*](#t5-fn1){ref-type="fn"} (screening period)   Intervention Group[\*\*](#t5-fn2){ref-type="fn"} (on admission)   Control Group[\*\*](#t5-fn2){ref-type="fn"} (on admission)
  ----------------- --------------------------------------------- ------------------------------------------------------------------- ----------------------------------------------------------------- ------------------------------------------------------------
  0--3 \[n (%)\]                     343 (66.3)                                                16 (80.0)                                                          6 (54.5)                                                        8 (44.4)
  4--6 \[n (%)\]                     103 (19.9)                                                3 (15.0)                                                           5 (45.5)                                                        8 (44.4)
  7--10 \[n (%)\]                     71(13.7)                                                  1(5.0)                                                             0(0.0)                                                         2(11.1)
                                        n.s.                                                                                                                                                            
                                      P \< 0.05                                                                                                                                                         
                                      P \< 0.05                                                                                                                                                         
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\*Profiles of vaginal flora taken during the screening for abnormal vaginal flora.

\*\*Profiles of vaginal flora taken on admission with threatened preterm delivery. The pregnant women of the Normal Standard were those of the Intervention group with no history of either admission with threatened preterm delivery or preterm delivery concerning the present pregnancy. Statistical analysis: chi-square test. n.s.: not significant.
